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(57) Abstract 

A protein from the M. catarrhalis designated the 74 kD protein is isolated and purified. The 74 kD protein has an amino-t&rminal 
amino acid sequence which is conserved among various strains of M. catarrhalis. The protein has a molecular weight of approximately 
74,9 kD as measured on a 10 % SDS-PAGE gel, while its molecular weight as measured by mass spectrometry is approximately 74 kD. 
The 74 kD protein is used to prepare a vaccine composition which elicits a protective immune response in a mammalian host to protect the 
host again disease caused by A/, catarrhalis. 
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THE 74 KILODALTON OUTER MEMBRANE PROTEIN 
FROM MORAXEIiLA CATARRHALXS 



Field Of The Invention 

This invention relates to an approximately 
74,000 Dalton (74 kD) outer membrane protein purified 
from ^oraxella catarrhalls » 



10 Background Of The Invention 

Moraxella {Branhajnella) catarrhalls is one of 
the major bacterial pathogens causing otitis media in 
children (Bibliography entries 1,2,3,4). It also 

15 causes sinusitis, laryngitis, tracheitis, pneumonia, 

and other respiratory diseases in children cuid adults 
(5,6,7) • A prophylactic vaccine is clearly needed 
because nearly all clinical isolates are resistant to 
S-lactam antibiotics (8,9). 

20 The outer membrane proteins (OMPs) of Af. 

catarrhalls are being investigated as potential vaccine 
candidates because they are readily accessible to 
antibodies. Indeed, antibodies elicited in mice 
towards certain OMP's including UspA and the CopB have 

25 already been shown to have biological activity, such as 

bactericidal activity, adhesion blocking activity and 
enhanced pulmonary clearance of the bacteria in an 
ouiimal model (10,11,12,13). Serology data from humans 
who have suffered a recent catarrhalls infection 

30 indicates that hiimans develop antibodies towards OMP's 

following natural infection (14,15,16,17,18). This 
suggests that OMP's are the targets of the host's 
defense mechaoiisms. UspA- specif ic antibodies are 
present in normal human serum and these antibodies have 
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bactericidal activity. There are also high levels of 
euatibodies towards OMPs of approximately 80 kD in sera 
from both healthy humans and patients recovering from 
recent Af. catarrhalls infections (16) . Several 
proteins from Af. catarrhalis migrate within this size 
range. Among them are CopB (12), the Bl protein (18), 
a transferrin binding protein (TbpB) and a lactoferrin 
binding protein (LbpB) (19) . Whether these proteins are 
the same or different from one another has yet to be 
determined. None of them, however, has been evaluated 
in a purified form for vaccine use. 

An efficacious vaccine to protect against 
diseases caused by Af. catarrhalis should confer 
protection at all stages of disease. These stages 
include bacterial colonization on mucosal surfaces, 
bacterial multiplication, spread and invasion, and the 
development of inflammatory response. Multiple 
bacterial components may be required to formulate axx 
efficacious vaccine. Although there is pre-clinical 
0 data to suggest that some surface components of M. 

catarrhalxs are potential vaccine antigens, it is as 
yet unclear if these components will confer sufficient 
protective immunity in humans. Thus, it is important 
to identify and evaluate new bacterial antigens for 
5 vaccine use. 

Summarv Of The Invention 

Accordingly, it is an object of this 
0 invention to isolate, purify and characterize an 

additional protein from Af. catarrhalls. It is a 
further object of this invention to test whether this 
protein is a viable vaccine ceuididate in appropriate 
model systems • 
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These and other objects of the invention as 
discussed below are achieved by the isolation and 
purification of a protein from AT. catarrhalis which is 
designated the 74 kD protein / based on approximate 
molecular weight as measured by mass spectrometry / as 
well as peptides of the 74 kD protein comprising an 
epitope or epitopes thereof. The isolated and purified 
74 kD protein from M. catetrrhalls has an amino- terminal 
amino acid sequence which is conserved among various 
strains of catarrhcills . This amino- terminal amino 
acid sequence comprises the sequence Xaa Gly Gly Ser 
Gly Gly Ser Asn Pro Pro Ala Pro Thr (SEQ ID NO:l), 
where the first residue is not identified, or a 
biologically equivalent amino- terminal amino acid 
sequence thereof. The protein of this invention has a 
molecular weight of approximately 74.9 kD as measured 
on a 10% SDS-PA6E gel, while its molecular weight as 
measured by mass spectrometry is approximately 74 kD. 

In another embodiment of this invention, the 
isolated and purified 74 kD protein or a peptide of the 
74 kD protein comprising an epitope or epitopes 
thereof, is used to prepare a vaccine composition which 
elicits a protective immune response in a mammalian 
host* The vaccine composition may further comprise an 
adjuvant, diluent or carrier. Examples of such 
adjuvants include aluminum hydroxide, aluminum 
phosphate, MPL'**, Stimulon'** QS-21, and IL-12 . The 
vaccine composition is administered to a mammalian host 
in an immunogenic amount sufficient to protect the host 
against disease caused by M» catarrhalis . 
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Brief Description Of The Ficmres 

Figure 1 depicts the characterization of the 
purified 74 kD protein from 03 5E strain by SDS-PAGE and 
Western blots. Figure lA depicts a Coomassie blue 
stained 4-15% SDS-PA6E showing enriched 74 kD protein 
eluted from the S column (lane 2) aaid hydroxyapatite 
column (lane 3) . The molecular weight standards (lane 
1: 200 (myosin); 160 ((J-galactosidase) ; 97 
(phosphorylase) ; 66 (serum albumin) ; 45 (ovalbumin) ; 31 
(carbonic anhydrase) ; 21 (trypsin inhibitor); 14 
(lysozyme) ) are in thousands- Figure IB depicts 
purified 74 kD protein by silver staining; the loading 
was 3 ^g (lane 1) , 15 fig (lane 2) and 30 /xg (lane 3) . 
Figure IC depicts western blots detected with either 
mouse antiserum against the purified 74 kD protein 
(Icuae 1) or MAb 72-32 (lane 2). 

Figure 2 depicts the expression level of 74 
kD protein by 035E strain under different culture 
conditions. Bacteria were cultured in regular brain 
heart infusion (BHD / BHI supplemented with 10 mM 
ethylenediaminediacetate (EDDA) or 100 iron. 
Bacterial lysates applied to the membrsme were detected 
by MAb 72-32 in dot blot and western blot assays. 

Figure 3 depicts the expression of 
transferrin binding proteins by 035E strain under 
different culture conditions. Samples on the membrane 
were bacterial lysates as described for Figure 2 . 
Transferrin binding by the purified 74 kD protein is 
shown in the fourth column. 

Figure 4 depicts the variation in the 
expression level of 74 kD protein by M. catarrhalis 
strains. Bacterial lysates from seven strains of Af. 
catarrhalis were titrated in 3 -fold dilutions in a dot 
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blot: and detected with, mouse polyclonal antibodies 
against the purified 74 kD protein from 035E strain 
(1:200) • 

Figure 5 depicts the reactivity of the mouse 
5 anti-74 kD serum to heterologous strains of 

catarrhalis . Bacterial lysates containing 10 /xg of 
total protein were resolved in 4-15% SDS-PAGE and 
tested in a western blot with mouse antiserum against 
the purified 74 kD protein from 035E strain (1:5,000). 
10 Lanes 2-10 are strains 035E, TTA24, ATCC25238, 324-171, 

128-179, 430-345, 111-210, 219-96, and 1230-359, 
respectively. The molecular weight standards (lane 1) 
are 133 kD (S-galactosidase) and 71 kD (bovine ser\jua 
alb\3min) . 

15 Figure 6 depicts the Western blot analysis of 

mouse antisera raised against the 74 kD protein from 
TTA24 strain (bottom) or pooled 74 kD proteins from 
strains TTA24 and 43 0-345 (top) . Each lane was loaded 
with 10 of whole bacterial lysates or 1 . 5 of 

20 purified 74 kD protein. Aatisera were from week 6 

bleeding diluted 1:1,000. 

Figure 7 depicts the presence of antibodies 
to the 74 kD protein in normal human sera. Purified 74 
kD protein from 035B strain was reacted with five serum 

25 samples (Lanes 2-6) from healthy adults in a western 

blot. The molecular weight standards shown in lane 1 
are the same as those described in Figure 5. 

Figure 8 depicts the reactivity of anti-74 kD 
protein antibodies purified from adult serum to the 

30 whole bacterial lysates. 035E strain lysates 

containing 10 ^g of protein were reacted with affinity 
purified hxjmsm antibodies against the 74 kD protein in 
a western blot (lane 2) . The molecular weight 
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Standards shown in lane 1 are the same as those 
described in Figure 5 . 

Figure 9 depicts the inhibition of 
transferrin binding by antibodies to the 74 kD protein • 
Various amounts of 035E lysate were spotted on a 
nitrocellulose membrane . The membrane was incubated 
with PBS (panel A); 1:100 diluted normal mouse sertim 

(panel B) ; anti- serum to the 74 kDa protein from 035E 
strain (panel C) ; or control anti- serum to the UspA 

(panel D) . The membranes were then probed with biotin- 
labeled tramsferrin. 

Detailed Description Of The Invention 

This invention relates to an isolated and 
purified M. catarrhalls protein designated the 74 kD 
protein. This 74 kD protein has an amino- terminal 
amino acid sequence which is conserved among the three 
strains examined of M. catarriialis. The protein of 
this invention has a molecular weight of approximately 
74.9 kD as measured on a 10% SD5-PAGE gel, while its 
molecular weight as measured by mass spectrometry is 
approximately 74 kD. The amino acid composition of the 
protein has also been determined. The invention 
relates further to peptides of the 7 4 kD protein 
comprising an epitope or epitopes thereof. Such 
peptides incorporate one or more epitopes that are 
ixnmtinologically cross -reactive with one or more 
epitopes of the 74 kD protein. Such peptides are first 
generated and then tested for cross -reactivity. 

Initially, the 74 kD protein was purified 
from salt wash vesicles made from 035E strain and 
evaluated in mice- Preliminary results indicated that 
the 74 kD protein is surface exposed, in that the mouse 
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antisera had bactericidal activity, amd immxmized mice 
exhibited enhanced clearance of the M. catarrJialis in a 
murine challenge model. However, this particular 74 kD 
preparation was contaminated with lipooligosaccharide 
5 (liOS) which also induced an antibody response in mice. 

Subseq[uently, the 74 kD protein was purified from three 
strains of M. catarrhalis by a modified procedure. 
These preparations lacked detectable LOS or other 
protein contamination. Example 1 below describes the 
10 new purification method, which involves the extraction 

of the protein directly from whole bacterial cells from 
W. csttarirhalls strains 035E and 430-345, followed by a 
series of column chromatography steps. A modified 
version of this method was also used to purify the 74 
15 kD protein from TTA24 strain. 

The 74 kD protein migrates slightly more 
slowly on a 4-15% gradient SDS-PAGE than CopB, another 
Jtf. catarrhalis protein (data not shown) . SDS-PAGE 
analysis using a 10% w/v acrylamide gel provided an 
20 estimated molecular weight for this protein of 

approximately 74.9 kD (see Exazrqple 4), The actual 
molecular miass as determined by mass spectrometry was 
approximately 74 kD (see Example 4) . The N- terminal 
sequences from 03 5E, TTA24 and 430-345 strains were 
25 found to be identical to the extent of sequencing of 

these strains, that is, for the first 18 residues (see 
Examples 6 and 7) • 

Two alternative methods for the purification 
of the 74 kD protein were also employed. For both 
30 methods, the salt wash vesicles, prepared as previously 

described (11), were suspended in a 0.5% Triton X-100"* 
and 10 mM N- [hydroxyethyl] piperazine-N' - [2 - 
ethanesulfonic acid] (HEPES) buffer and incubated for 
one hour at room temperat\xre . The suspension was 
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centrifuged at low speed (10^000 X g for 20 minutes) at 
4**C to remove particulates. For the first method, the 
supernatant was passed over a DEAE Sepharose® 
{Pharmacia, Piscataway, NJ) column ecpii libra ted with 
the same buffer. A single band of 74 kD protein, as 
seen by SDS-PAGE, eluted in the flow through and in the 
buffer wash, while contaminsoits eluted upon increasing 
the salt (NaCl) concentration. For the second method, 
the supernatant was passed over a CM Sepharose® coltunn 
equilibrated with the same Triton X-10 O'^'-HEPES buffer. 
The proteins on this column were then eluted with a 
step gradient of increasing salt concentration. The 74 
kD protein, which eluted at 200 mM of NaCl, migrated as 
a single bauid. Only two major outer membrane proteins 
from salt wash vesicles, the 74 kD protein and the CopB 
protein, migrate at aJi^out this size on SDS-PAGE. The 
74 kD protein failed to react by western blotting with 
a monoclonal antibody 10F3 specific for the CopB 
protein. Minor amounts of the C/D protein present can 
be removed by using an additional ion exchange column. 

This invention also comprises polypeptides 
whose amino- terminal sequences differ from those of the 
74 kD protein, but are biologically equivalent to those 
described for that protein. Such polypeptides may be 
said to be biologically equivalent to the 74 kD protein 
if their sequences differ only by minor deletions from 
or conservative substitutions to the amino acid 
sequence, such that the tertiary configurations of the 
sequences are -essentially unchanged from those of the 
74 kD protein and biological activity is retained. 

For exasqple, alaoiine, a hydrophobic amino 
acid, may be substituted by amother less hydrophobic 
residue, such as glycine, or a more hydrophobic 
residue, such as valine, leucine, or isoleucine. 
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Similarly, substitution of one negatively charged 
residue for another, such as aspartic acid for glutamic 
acid, or one positively charged residue for another, 
such as lysine for arginine, as well as changes based 
on similarities of residues in their hydropathic index, 
can also be expected to produce a biologically 
equivalent product. Each of the proposed modifications 
is well within the routine skill in the art, as is 
determination of retention of biological activity of 
the encoded products. Therefore, where the term "74 kD 
protein" is used in either the specification or the 
claims, that term will be understood to encompass all 
such modifications and variations which result in the 
production of a biologically equivalent protein. 

The N- terminus from the 035E strain and two 
internal peptides from a chymotrypsin digest of the 
same protein were determined and found to have no 
homology with any other known protein from M. 
catarrhalis in searches of the GenBank CDS 
translations, PDB, SwissProt, Spupdate and PIR 
databases with Basic Local Alignment Search Tool 
(BLAST) (20) . However, the two internal peptides have 
significant sequence homology to the transferrin 
binding protein from meningitidis and H. Influenzae 
(see Example 8) • The amino acid composition of the 74 
kD protein is set forth in Example 5. 

Purified 74 kD proteins from strains 035E and 
43 0-345 were immunogenic in mice and their antibodies 
reacted with the homologous strain by whole*cell ELISA; 
however, the whole-cell titers toward heterologous 
strains varied considerably (see Example 12) . The 74 
kD protein from TTA24 strain appeared to be better 
conserved, because antibodies made to this protein 
exhibited moderately high reactivity to heterologous 
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strains by whole cell ELISA (Example 12) . Antisera 
against the purified proteins from all three strains 
had complement -dependent bactericidal activity toward 
all heterologous strains (see Example 9) • This 
suggests that antibodies towards the conserved epitopes 
are important. 

The level o£ suitibodies reactive to 
heterologous strains and bactericidal antibody titers 
were improved by using certain adjuvants such as 
Stimulon"* QS-21 (Aquila Biopharmaceuticals , Inc., 
Worcester, MA) or a mixture of MPL"* (3 -O-deacylated 
monophosphoryl lipid A; RXBX XmmunoChem Research, Xnc . , 
Hamilton, Montana) and aluminum phosphate (see Examples 
10 and 11) . Mice immunized with the 74 kD proteins 
purified from strains 035E and 430-345 exhibited strong 
pulmonary clearance of the 035E strain toward which the 
antibodies reacted with high titers {P<0.01), but not 
the TTA24 strain toward which the sera reacted poorly 
(see Example 13) . Further, normal human sera contain 
naturally acquired antibodies towards the conserved 
epitopes on the 74 kD proteins from both 035E and TTA24 
strains (Example 14) . This suggests that catarrhalis 
expresses this protein in vivo and that the 74 kD 
protein is a target of the immune response upon natural 
infection. These human antibodies reacted better to 
purified 74 kD protein from TTA24 strain than protein 
from 035E strain (see Example 15) . This suggests that 
the 74 kD protein from TTA24 strain is conserved. 

The relationship of the 74 kD protein to 
other proteins will now be described. Eight major 
outer membrane proteins from M. catarzrhalls were 
initially described by Bartos and Murphy, who 
designated these OMPs A-H in the order of decreasing 
molecular weight (21) . Two additional outer membrane 
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proteins, designated UspA (13) and Bl (18), were 
described later. The OMP B was renamed B2 after the 
discovery of Bl (18) . Except for their similarity in 
molecular mass, the Bl and B2 proteins are xinrelated. 
OMP B2 is probably the same protein as CopB described 
by Helminen et al* (12) . This protein has a molecular 
mass of 82 kD, and appears to play a role in iron 
acquisition (22) • 

The 74 kD protein described in this 
application is distinct from the CopB protein in two 
aspects. First, a monoclonal antibody (MAb) designated 
72-32, which reacts with the 74 kD protein, did not 
react with a recombinant CopB made in E» coll on 
western blot (data not shown) . Nor did a CopB specific 
MA±>, 10F3, react with the purified 74 kD protein in the 
same assay. Second, the K- terminal amino acid sequence 
and two internal peptide sequences of the 74 kD protein 
were not found in the predicted protein seq[uence 
deduced from the piiblished gene sequence of CopB (12) . 

The 74 kD protein of this invention is most 
similar to the Bl protein in terms of size and the 
degree of antigenic conservation. The OMP Bl was 
initially described by Sethi et al . (18), who did not 
isolate or purify the protein. Sethi et al . noted the 
consistent presence of polyclonal antibodies towards an 
74 3cD minor protein in sera from patients with 
bronchiectasis. They also reported that Bl protein had 
surface exposed epitopes and appeared to be 
cuntigenically variable among, strains of W. catarrJialis . 
The level of Bl expression was up-regulated under iron- 
limiting culture conditions for some isolates (23) . 
There are also reports that the Bl protein binds 
transferrin (24) . These reports suggested that the Bl 
protein may be involved in iron acquisition and 



wo 98/33814 PCT/US98/01840 



- 12 



utilization* The usefulness of the Bl protein as a 
vaccine antigen was not investigated in these reports. 
In contrast, the data presented in this application did 
not show significant changes in 74 kD protein 
5 expression levels by either depleting or supplementing 

iron in the culture broth (see Example 3) . 

Like Bl protein, the 74 kD protein binds 
transferrin (see Example 3) • Transf errln-binding 
proteins have been detected in several bacterial 

10 species, including Af. catarrhalis . Using transferrin 

and lactoferrin affinity columns, Bonnah et al . 
identified two distinct receptor proteins from M, 
catBjrrhetlls with molecular weight masses of 
approximately 80 kD (19) . This is the same range as 

15 for the proteins designated Bl and CopB. 

Unfortunately, these reports did not provide enough 
information on the biochemical, immunological and 
molecular aspects of these proteins to allow the 
identification of the 74 kD protein as either of these 

20 proteins. However, many of the properties of the TbpB 

from the Neisseria family and Haemophilus influenzae 
are similar to those of the 74 kD protein from 
catarxizalis • These include the ability to bind 
transferrin in both native or denatured form and 

25 antigenic heterogeneity. 

However, the 74 kD protein of M. catarrhalis 
differs from the TbpB protein of Neisseria in several 
respects. First, the molecular weight of the 74 kD 
protein is relatively .well conserved from strain to 

30 strain, while the molecular weight of TbpB in Neisseria 

varies from strain to strain (25) . Second, mouse 
antibodies made against the 74 kD protein from TTA24 
strain reacted with all strains of Af. catarrJialis by 
whole cell ELXSA, and were bactericidal toward all 
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strains assayed. In contrast, antibodies to TbpB of 
Neisseria reacted only with a fraction of strains by 
ELISA and were only bactericidal toward strains to 
which the antibodies bound (26) . Finally, the 
expression level of the 74 ]cD protein appears to be 
constitutive r while TbpB (from both Neisseria and 
Haemophilus), like the 31 protein, is iron repressed. 
Therefore, without further information, it is unclear 
whether the 74 kD protein, the Bl protein and TbpB 
protein are all the same protein. 

Having isolated and characterized the 74 kD 
protein, the next step is to evaluate its potential as 
a vaccine antigen. Several lines of evidence presented 
in this application indicate that the 74 kD protein is 
a potential vaccine antigen candidate* First, as 
detailed in Example 2 below, it contains surface 
exposed epitopes. This is important, because only 
surface exposed epitopes are accessible to the 
antibodies. The epitope recognized by the MAb 72-32, 
although not conserved among all isolates, is surface 
exposed. Further, both the antibodies toward the 74 kD 
protein purified from the humsux sera and antibodies 
made to the purified protein in mice reacted with 
several strains of M. catarrhalis by whole cell ELXSA. 
Some of the epitopes are clearly conformational, since 
many of the monoclonal antibodies react with purified 
74 ]cD protein and whole bacterial cells by ELISA, but 
do not react with the denatured 74 kD protein on 
western blot. It also suggests that the purified 
protein retains at least some conformational epitopes. 

Second, some surface exposed epitopes of the 
74 kD protein are conserved cunong strains of Af. 
catajrriialis . An efficacious vaccine needs to confer 
protective immunity against most, if not all, strains. 
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Because the expression of the protein appears to vary 
from isolate to isolate in vitro (see Example 3) , the 
degree of antigenic variation of the 74 kD protein 
among M, ca.ta.rrh^lis strains has been difficult to 
5 assess. Nevertheless, it is evident that the 74 kD 

protein contains conserved epitopes. Antibodies to the 
74 kD protein, whether produced in mice or developed in 
hximans following natural Infection, were boxind by whole 
bacterial cells of the heterologous strains. The 74 kD 

10 protein from TTA24 strain is fairly conserved, whereas 

the 74 kD protein from two other strains studied is 
either less conserved or the strain-specific epitopes 
are more imm\inogenic than the conserved epitopes. 
Current data seems to suggest that the 74 kD protein 

15 from TTA24 strain may have more potential as a vaccine 

antigen because it elicits highly cross-reactive 
antibodies toward heterologous strains (see Example 12, 
TG±»le 9) . 

Third, antibodies toward conserved surface 
20 epitopes elicited by the purified protein were 

bactericidal (see Example 9) . Although it is unclear 
how antibodies mediate protection against infections by 
M. catarrhalis, they could play a role in a niunber of 
pathways. These include inhibition of bacterial 
25 adherence, interference of nutrient uptake, opsonic 

phagocytosis and complement -dependent killing. It was 
observed that adults, a population usually resistant to 
M. catarrhalis infections, have a significantly higher 
level of serum bactericidal activity to catarriialis . 
30 than children, a population susceptible to M. 

catarrhalis infections (data not shown) . The finding 
that mouse antisera to the 74 kD protein exhibit 
bactericidal activity toward heterologous strains in a 
antibody concentration -dependent manner suggests that 
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this protein is a protective antigen. Clearly, the 
conserved epitope of the 74 kD protein is an important 
target of the bactericidal antibodies. 

Finally, mice immunized with the 74 kD 
protein exhibited enhanced pulmonary clearance of the 
bacteria in the murine challenge model (see Example 
13) • Although the mechanisms of bacterial clearance in 
this model are \mknown, antibodies clearly play an 
important role in this model (27) - In addition to the 
74 kD protein described in this application, UspA and 
CopB have been shown to promote enhanced clearance in 
this model (11,12,13). Further, only antibodies to 
certain epitopes of these proteins appear to enhance 
bacterial clearance. Thus, the model has been useful 
for selecting vaccine candidates that may elicit 
antibodies with In vivo biological activity- Two 
strains of the bacteria are suitable for challenge in 
the murine pulmonary model, and both were tested. 
Enhanced bacterial clearance was seen for 03 5E strain 
which exhibited strong reactivity with the antibodies 
against the 74 kD protein prepared from two different 
strains. Homologous clearance of strain TTA24 was 
seen; however, heterologous clearance was not observed. 
This is probably because of the poor antibody 
reactivity toward this isolate elicited by the purified 
protein. It remains to be determined whether the 74 kD 
protein from TTA24 strain will promote enhanced 
clearance of heterologous strains in this challenge 
model . 

Another potential mechcuiism by which the 74 
kD protein can confer protection in huxnans is by 
eliciting antibodies that block iron uptake by JRf. 
catarrhalis , Iron is an essential element for the 
bacteria to grow and cause pathogenesis in vivo- 
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However, the concentration of free iron in the 
extracellular environment is too low to support 
bacterial growth. Extracellular iron is virtually all 
sec[uestered in host proteins such as lactoferrin on the 
mucosal surface and transferrin in the serum. Several 
bacterial species including M, catarrhalls can acG[uire 
iron from host proteins through their specialized 
surface receptors, such as transferrin binding proteins 
(TbpA and B) and lactoferrin binding proteins (Lbp A 
and B) . To obtain iron, TbpB, a lipoprotein that is an 
outer membrane protein, functions as a receptor for 
transferrin in body fluids. 

Xt has been shown that M. catarrhalls can 
utilize transferrin as the sole iron source for growth 
in vitro (19) , and this may be an in^ortant mechanism 
of iron acquisition In vivo. The mechanism by which M» 
catarriialis acquires iron from transferrin is not 
clear; however / it very likely requires direct 
interaction of Tbp with transferrin. Example 16 
indicates that antibodies to the 74 kD protein from M, 
catajcrhalis are able to specifically block transferrin 
binding by the bacterial lysates . This is consistent 
with previous findings that antibodies to the 
meningococcal TpbB were able to lower the growth rate 
of meningococci when human transferrin was the sole 
iron source (2 8) . 

The transferrin binding proteins from other 
species are reported to be lipoproteins (29,30). This 
usually blocks the protein's N- terminus, preventing the 
determination of the N-terminal sequence (31) . Because 
an N-terminal sequence could be determined for the 74 
kD protein from three strains, this represents another 
possible difference between the transferrin binding 
protein and the 74 kD protein of catarrhalxs • 
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Therefore r the 74 kD protein and peptides o£ 
the 74 kD protein comprising an epitope or epitopes 
thereof are useful in the preparation of vaccines to 
confer protection to humans against otitis media and 
5 other diseases caused by catarrhalis • 

These vaccine compositions comprise the 
isolated and purified 74 kD protein of M. catarrhalis . 
or a peptide of the 74 kD protein comprising an epitope 
or epitopes thereof, wherein the vaccine composition 
10 elicits a protective immiine response in a mammalian 

host. 

Vaccines containing the 74 kD protein or 
peptides may be mixed with immunologically acceptable 
diluents or carriers in a conventional manner to 

15 prepare injectable Hqpiid solutions or suspensions. In 

addition, the vaccines may include aluminum hydroxide, 
altiminum phosphate (aliam) or other pharmaceutically 
acceptable adjuvants, such as Stimulon^" QS-21 {Aquila 
Biopharmaceuticals, Inc., Worcester, MA) , MPL^**, and IL- 

20 12 (Genetics Institute, Cambridge, MA) . 

The vaccines of this invention may. also 
Include additional catarrhalis proteins which are 
Jmown in the art. Examples of such proteins are those 
designated CopB, UspA, C/D and £. 

25 The vaccines of this invention further 

include other protective agents which are coupled to 
the 74 kD protein or peptides, such that the 74 kD 
protein or peptides function as a carrier molecule. 
For exaunple, agents which protect against other 

30 pathogenic organisms, such as bacteria, viruses or 

parasites, are coupled to the 74 )cD protein or peptides 
to produce a multivalent vaccine useful in the 
prevention of both M, catarrhalis infection and other 
pathogenic infections. In particular, the 74 kD 
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protein or peptides can serve as immunogenic carriers 
by being conjugated to HaGmophllus , meningococcal or 
pnexxmococcal polysaccliarides or oligosaccharides . In 
addition, the 74 kD protein or peptides are coupled to 
5 another antigenic moiety of M. catarrhstlis such as 

lipooligosaccharides • 

The vaccines of this invention are 
administered by injection in a conventional manner / 
such as subcutaneous, intraperitoneal or intramuscular 

10 injection into hvimans, as well as by oral 

administration and intranasal administration, to induce 
an active immune response for protection against otitis 
media caused by M. catarrhalis . The dosage to be 
administered is determined by means known to those 

15 skilled in the art. Protection may be conferred by a 

single dose of vaccine, or may require the 
administration of several booster doses. 

Normally, in the absence of human clinical 
data, active immunization in a recognized animal model 

2 0 is relied upon to predict the efficacy of a vaccine in 

humaucis . Here, the pulmonary clearance is measured in 
the murine challenge model. The murine challenge model 
permits an evaluation of the interaction of 
catarrhalxs with the lower respiratory tract, as well 

25 as an assessment of pathologic changes in the limgs 

(32,33). This model reproducibly delivers an inoculum 
of bacteria to a localized peripheral segment of the 
murine lung. Bacteria multiply within the lung, but 
are eventually cleared as a result of host defense 

30 mechanisms and the development of a specific immune 

response* 

In the present invention, the 74 kD protein 
is shown to be a viable vaccine candidate both because 
antibodies elicited by the 74 kD protein were 
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bactez-icidal and because mice inonunlzed with the 74 kD 
protein exhibited enhanced pulmonary clearance of M, 
catarrhalis in the murine challenge model. 

The 74 kD protein or peptides thereof are 
also useful to produce polyclonal antibodies for use in 
passive immunization against catarrhalis . 
Polyclonal antisera are generated from animals 
immunized with the 74 kD protein or peptides thereof. 

The 74 kD protein or peptides thereof are 
further used to generate monoclonal antibodies which 
may be used to diagnose the presence of Af. catarrhalls 
in a clinical sample or a laboratory strain. The 
monoclonal antibodies react with Af. catarrhalis, but 
not with other bacteria. 

In order that this invention may be better 
understood, the following examples are set forth* The 
examples are for the purpose of illustration only and 
are not to be construed as limiting the scope of the 
invention. 

Examples 

Example 1 
Purification And Characterization 
Of The 74 kd Protein 

Purification 

The 74 kD protein was purified from strains 
035E Bxxd 430-345 using the same procedure. The 
bacteria were grown in Fembach flasks containing 1.3 
liters of CY broth (10 g casamino acids, 15 g yeast 
extract per liter of distilled water) at 37 '^C for 22 
hours with shaking at 200 rpm. The bacteria were 
harvested by centrifugation (10,000 X g for 20 
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minutes) , resuspended in 50 ml of phosphate buffer (10 
mM, pH 6.0) containing 0.1% Triton X-100'" (J.T. Baker 
Inc., Philipsburg, NJ) , and stirred for one hour at 
room temperature (RT) • Particulates were removed by 

5 centrifugation (10,000 X g, 60 minutes) and the soluble 

extract loaded on a 5 ml bed volume column of S 
Sepharose® (Pharmacia, Piscataway, Ni7) • The column was 
eluted with a NaCl step gradient in 10 mM phosphate 
buffer (pH 6.0) containing 0.1% Triton X-100™. The 74 

0 kD protein was detected by dot blotting using MAb 72- 

32. Enriched fractions of the 74 kD protein (which 
eluted between 70-210 mM NaCl) were pooled, and applied 
to a 3 ml bed volume column of hydroxyapatite (BXO-RAD 
Laboratories) . The coliimn was washed with 10 mM 

5 phosphate buffer (pH 6.0) and eluted using a step 

gradient of phosphate buffer (pH 6.0). The 74 kD 
enriched fractions were pooled, concentrated using a 
Centriprep®-30 (Amicon, Beverly, MA) , and passed over a 
column (2.6 x 100 cm) of Ultrogel AcA 44 (BioSepra 

0 Inc., Marlborough, MA) at a flow rate of 1.0 ml per 

minute in PBS (pH 7.4) • The protein concentration was 
determined by a micro-bicinchoninic acid assay (Micro- 
BCA) (Pierce, Rockford, XL) . 

The 74 kD protein was purified from strain 

5 TTA24 by a slightly different procedure. The initial 

attempt to purify the 74 kD protein from TTA24 strain 
cultured in CY broth by the above method did not yield 
any protein. It was then observed that TTA24 cultured 
on Mueller-Hinton agar plates expressed a higher Tevel 

0 of 74 kD protein. So, the bacteria grown on these 

plates were used as the starting material for 
purification. The protein did not bind to the S 
Sepharose® column under conditions used for the 74 kD 
protein from 035K. Instead, it was purified by 
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seq[uentlal passage over £lrst: a hydroxyapatite colvunn, 
then a Q High Performance colunm (Pharmacia) and 
finally an Ultrogel AcA44 column. 

5 Characterization 

The 74 kD protein was associated with 
bacterial cells cultured in CY broth* Xt was readily 
extracted in phosphate buffer (10 mMv pH 6*0) 
containing 0*1% Triton X-100™ after 1 h stirring at RT. 

10 The 74 kD proteins from strains 03 5E and 43 0-345 were 

among the few proteins in the whole cell extract that 
bound to the S column, and accounted for 50-70% of the 
total protein in the fractions that were eluted with 10 
xhM phosphate buffer (pH 6.0) containing 70-210 mM NaCl. 

15 It exhibited strong binding to a hydroxyapatite coliunn 

and eluted with 500 mM phosphate buffer containing no 
detergent. The bulk of the contaminants were in the 
flow through fraction off this column. The major peak 
eluted off the AcA44 size-exclusion coliimn contained a 

20 single homogenous band with a molecular mass of 74 kD 

on a Coomassie blue stained 4-15% acrylamide gradient 
SDS-PA6E. 

The 74 kD protein from TTA24 strain was 
enriched by the HA column. It was among the few 
25 proteins which did not bind the Q column and was 

finally purified by the size exclusion column. The 
yield of purified proteins, as shown in Table 1 below 
was approximately 1-3 mg from 1.3 liter of broth 
culture. . . 



.J 



wo 98/33814 PCT/US98y01840 



22 - 





Table 1 




Purification of the 74 


kD protein 


Bacterial 


Culture volume 


Final yield 


strain 




(mg) 


035E 


15 L 


24 


035E 


20 L 


52 


430-345 


4 L 


4.48 


TTA24 


20 plates (15 


6.3 




cm diameter) 






(2 L) 





The purified 74 kD proteins were analyzed by 
5 4-15% gradient SDS-PA6E stained with Coomassie blue and 

silver staining. Reactivity to monoclonal antibodies 
and polyclonal mouse serum was determined by western 
blot (Fig. 1) . 

10 

Example 2 
Monoclonal Antibodies 

The MAbs toward the 74 kD protein were loade 
15 using the procedure of Chen et al. (11) • In summary, 

mice (BALB/c) used for the fusion were immunized with 
outer membrane vesicles made from catarrhalls 035E 
strain. Hybridomas were first screened by ELISA 
against 035E whole bacterial cells. Those recognizing 
2 0 03 5E whole cells were then tested for reactivity with 

purified 74 kD protein of the 035E strain by both ELISA 
and Western blotting. Reactivity toward heterologous 
strains was determined by whole-cell ELISA. The 
selected hybridomas were cloned by limiting dilution. 
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Two of the MAbs recognized the purified 74 kD 
protein by both ELISA and western blot. They did not 
react with the CopB protein. When the MAbs designated 
72-32 and 81-8 were tested against six other M, 
catarrhalis strains by western blot analysis, they only 
reacted with the homologous isolate 03 5E. Thus, these 
two MAbs recognize strain specific epitopes. The lack 
of reactivity to heterologous strains was confirmed by 
whole cell ELISA. 

Thereafter, all parent clones from that 
fusion were screened by ELISA. A dozen clones had 
reactivity to both the purified 74 3cD protein and 035E 
whole bacterium cells, but none reacted to 11 
heterologous strains. Only five of the 12 parent 
clones exhibited reactivity to the 74 kD protein on 
western blot. The non-reactors are probably directed 
against the conformational epitopes. 

These data indicated that the 74 kD protein 
has surface exposed epitopes, and some of them may be 
conformational. It also indicated that the 74 kD 
protein from 035E strain is either antigenically 
heterogeneous or the strain-specific epitopes are more 
immunogenic than the conserved epitopes. 

Example 3 

Expression Level And Transferrin Binding Assay 

There are indications that Bl protein (18) 
binds transferrin and it may be transferrin binding 
protein B (TbpB) (19) . The 74 kD protein described 
herein appears to have similar molecular mass as well 
as the antigenic heterogeneity typical of TbpB. 

An initial test was performed to determine 
whether the purified 74 kD protein could bind 
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transferrin. This was determined by probing purified 
74 kD protein from strain 03 5E which was spot blotted 
on a nitrocellulose membrane with biotin-labeled 
transferrin. Strong reactivity was detected (see 
5 Figure 3) . Thus, transferrin binding is a common 

property of the 74 kD protein^ Bl and TbpB. Since the 
expression level of transferrin binding proteins Bl and 
TbpB of Af. catar-rhalls is reported to depend on the 
iron content of the culture medium (18,19), the next 
10 step was to determine if the 74 kD expression level 

could be increased by depleting the iron in the culture 
broth. The methods used to deplete iron included both 
phosphate precipitation auxd chelation with EDDA. The 
74 kD protein from the whole cell lysates was 
15 quantitated by dot blot and western blot using MAbs. 

There appeared to be no appreciable change in the 
expression level of the 74 kD protein in iron- depleted 
culture (see Figure 2) . However, the level of the 
transferrin binding proteins as determined by probing 
20 with biotin-labeled transferrin in a dot blot assay 

significantly increased in iron depleted culture (see 
Figure 3) . It is unknown whether this increase 
reflects changes in the TbpA or TbpB expression level. 
However, these preliminary results on the 74 kD 
25 expression level under iron limiting conditions are not 

consistent with the piiblished reports for Bl and TbpB. 

While the iron level did not appreciably 
affect expression, growth in different media did affect 
it. Lysates of bacteria adjusted to the same 
30 absorbance at 550 nm made from several strains of 

catarrballs cultured in broth or on agar plates were 
probed with polyclonal antibodies against the purified 
74 kD protein in a western blot. The polyclonal 
antibodies had been generated by immunizing mice with 
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the 74 3cD protein which had been purified from 035E 
strain* The 74 kD expression level appeared to be 
higher when the bacteria were cultured on an Mueller- 
Hinton agar plate than when cultured in broth culture 
(data not shown) • 

The expression level of 74 kD protein appears 
to be strain dependent. When a low dilution of 
antiserum against 74 kD protein from 035E strain 
(1:200) was used in a dot blot assay to react with 
serially diluted whole cell lysates from seven M. 
catarrhalis strains, the strongest reactivity was seen 
towards strains 035E^ 120-345 and 430-345. The 
reactivity toward the four other strains was three to 
nine fold less (see Figure 4) * Several attempts were 
made to purify the 74 kD protein from the strains 
exhibiting low reactivity, and only small amounts of 
the protein appeared to be present in these strains. 

Example 4 

Molecular Weight Of The 74 kD Protein 

Determination of molecular weight bv SDS-PAGE Analysis 

The 74 kD protein purified from 
catarrhalls 035E was subjected to SDS-PAGE (10%, w/v, 
acrylamide) analysis (34) along with a wide- range of 
protein standards (Mark 12 : apparent molecular weights 
of 200, 116.3, 97^4, 66.3, 55*4, 36.5, 31, 21.5, 14.4, 
6, 3*5 and 2*5 kD) obtained from Novel Experimental 
Technology, San Diego, CA. The gel was stained with 
Coomassie Brilliant Blue R-250. The destained gel was 
scamned using a Personal Densitometer SX (Molecular 
Dynamics Inc., Svinnyvale, CA) . The molecular weight of 
the purified protein, estimated using the PragmeNT 
Analysis software (version 1.1, Molecular Dynamics), 
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was found to be approximately 74.9 JcD based on the 
molecular weight standards. 

Determination Of Molecular Weight By MALDI-TOF Mass 
Spectral Analysis 

Accurate measurement of the molecular weight 
of the 74 kD protein was carried out by Matrix Assisted 
Laser Desorption/Ionization Time-of -Flight (MALDI-TOF) 
mass spectrometry using a Lasermat'" 2000 linear mass 
analyzer (Finnigan Mat Limited) . The Lasermat^" uses 
the technique of matrix-assisted laser desorption (35) 
to ionize the sample and Time of Flight to analyze the 
ions produced. The saoc^le was embedded in a matrix of 
3 , 5-dimethoxy-4-hydroxy-cinnamic acid (sinapinic acid) 
to enhance ionization of the seunple. One microliter of 
the sample containing 5-10 pmol purified 74 kD protein 
was mixed with 1 ptl of the matrix (10 mg/ml) dissolved 
in 70% (v/v) aqueous acetonitrile containing 0.1% (v/v) 
trif luoroacetic acid. One microliter of this sample 
and matrix mixture was loaded on a sample slide, 
allowed to dry and irradiated by a short pulse of UV 
light from a laser. Protein samples usually generate a 
relatively simple spectra in this method , since 
protein-related ions produced are predominantly of 
charge states z=+l [M+Hl * and zs+2 [M+2H]^*. Bovine 
serum albumin (catalog no. A0281, Sigma Chemical Co., 
St. Louis, MO) of molecular weight 66,43 0.0 was used 
for external calibration. 

The molecular weight of the 74 kD protein in 
the sample used for the SDS-PAGE cUialysis above was 
determined to be 73,987.7, while that of the 74 )cD 
protein purified from M, catarrhalis TTA24 was 
73,793 .6. In addition to the expected [M+H]*, the 
[M+2H]^* aoid the [M+3H] molecular ions of the 74 kD 
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protein were also observed. Hence, it is reasonable to 
conclude that the molecular weight of the 74 kD protein 
is in fact approximately 74 kD, within the limits of 
experimental error * 

5 

Example 5 
Amino acid composition analysis 

A sample of the 74 kD protein for sonino acid 

10 analysis was hydrolyzed in glass tubes using 100 /xl of 

6 N HCl containing 5% phenol aind 1% 2 -mercaptoethanol 
under vacuum for 22 hours at 110 ""C. The samples were 
subsequently dried under vacuum followed by 
resolubilization in sample dilution buffer Na-S 

15 (Beckman Xnstnaments, Inc., Pullerton, CA, U.S.A.). 

The amino acid composition was determined on a Beckman 
model 6300 Amino Acid Analyzer (36) using a three step 
Na-citrate gradient according to manufacturer's 
instructions. The results were expressed as mol of 

20 residues per mol of the 74 kD protein based on a 

molecular weight of the 74 3cD protein of 74,000. 
Cysteine and tryptophan residues were not determined. 
Threonine and serine residues were not corrected for 
destruction caused by the method of analysis used. 

25 Nine microliters of sample (purified from M. 

catarrhalls 035E - salt wash vesicles) were dried down 
and subjected to acid hydrolysis and subsequent amino 
acid analysis. Results reported in Table 2 represent 
the mean of duplicate determinations. 



30 
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Table 2 

Amino Acid Composition of tlie 74 kD Protein 



AmxnO aCXvA 


X 9 D JL ^AUC O 


+ ABJl 




xniT 


3 O 


C A V 




Glu 4- Gin 


67 


Pro 


27 


Gly 


77 


Ala 


56 


Val 


35 


Met 


6 


lie 


21 


Leu 


40 


Tyr 


25 


Phe 


28 


His 


8 


Lys 


72 


Arg 


21 



5 Exeumple 6 

Amino (N") Terminal Amino Acid Sequ ence Analysis 

Purified 74 kD protein preparations were 
subjected to SDS-PA6E (34) to determine homogeneity* 

10 Samples which contained traces of dlmpurities were 

siibsequently subjected to electrophoretic transfer onto 
a polyvinyl idene difluoride membrane (ProBlott 
membrane. Applied Biosystems, Foster City, CA) using 10 
mM 3 - [cyclohexylamino] -1-propanesulf onic acid (CAPS)/ 

15 10% methanol (pH 11-0) as the transfer buffer (37) . 
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The membrane was stained with Coomassie Brilliant Blue 
R-250 and the main band corresponding to the 74 kD 
protein was cut out. Amino- terminal protein sequence 
analysis was carried out using a^ Applied Biosystems 
Model 477A Protein/Peptide Sequencer equipped with an 
on-line Model 12 OA PTH Analyzer (Applied Biosystems) . 
After the cleavage of each successive amino- terminus, 
the anilinothiazolinone derivative formed was converted 
to the more stable phenyl thiohydant ion (PTH) derivative 
by treatment with 25% trif luoroacetic acid at 64 °C for 
20 minutes. The PTH derivatives were separated and 
identified on the PTH analyzer by reversed-phase HPLC 
using a Brownlee PTH C-18 column (particle size 5 fim, 
2.1 mm i.d. x 22 cm 1.; Applied Biosystems) with a 
modified two solvent gradient system developed by the 
manufacturer (35) . The following summarizes the 
results of N- terminal sequence analysis of different 
preparations of the 74 kD protein: 

For the 74 kD protein purified from salt wash 
vesicles of Af. catar^rhalis 035E strain, approximately 
18.7 ^1 of sample containing 20 /tg of purified protein 
was s\2bjected to SDS-PAGE followed by electroblotting 
and 20 cycles of N- terminal protein sequence analysis. 
The first 13 residues were determined except for an 
unidentified peak at residue 1 (SEQ ID NO:l) : 

Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr 
15 aO 

For the 74 kD protein purified from a whole 
cell extract of AT. catazrrhalis 035E strain, 
approximately 7.41 ^1 of sample containing 20 /xg of 
purified protein was subjected to SDS-PAGE followed by 
electroblotting and 25 cycles of N- terminal protein 
sequence analysis. The first 17 residues were 
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determined except for an unidentified peak at residue 1 
(SEQ XI> NO: 2) : 

Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 
15 10 

lie Pro Asn 
15 

For the 74 kD protein purified from a whole 
cell extract of M. catarrhalis TTA24 strain, 
approximately 14.3 fil of sample containing 74.4 /<g of 
purified protein was directly loaded in the sequencer 
and 30 cycles of N- terminal protein secjuence analysis 
performed. The first, 20 residues were deteirmined 
except for an unidentified peak at residue 1 (SEQ ID 
NO:3) : 

Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 
15 10 

lie Pro Asn Ala Ser Gly 
15 20 

The xmidentif ied peak at residue 1 for each 
of the above samples was identical and followed the 
PTH-Glu peak by approximately 0.2 minutes. 

Extended N-Terminal Amino Acid Sequence An alysis 



During N- terminal sequence analysis of the 74 
kD protein, the abundance of proline (Pro) residues was 
recognized to cause early termination of the sequence 
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read. Pro residues are partially released during the 
standard acid cleavage step in sequencing. Release of 
the remaining Pro with subsequent residues causes 
difficulty in sequence identification. In order to 
generate longer N- terminal sequences of the 74 IcD 
protein, extended acid cleavage at Pro residues was 
carried out. This produced better results # but caused 
an increased amino acid background which seemed to be 
due to the simultaneous sequencing of acid induced non- 
specific cleavage products of the 74 kD protein. 
Chemical reduction of amino acid background build up 
during sequence amalysis was carried out at some of the 
cycles where proline residues occurred. This was 
accomplished by introducing O-phthalaldehyde^ a reagent 
which specifically reacts with amino groups of all N- 
terminal primary amino acids , without affecting 
corresponding prolyl residues, thereby blocking the 
residual protein/peptide chains (background) from 
subsequent sequencing (39,40). Twenty milligrams of 
O-phthalaldehyde were dissolved in 50 fil of 
2-mercaptoethanol in 10 ml of acetonitrile and placed 
in the XI bottle in the sequencer. Twenty- six 
microliters of the 74 kD protein (a lot purified from 

catarrhalls 03 5E - whole cell extract) containing 
80.6 /xg of protein was loaded on the sec[uencer. During 
sequencing, extended trif luoroacetic acid cleavage was 
carried out for Pro residues at 9, 10, 12, 14 and 16, 
whereas O-phthalaldehyde treatment was carried out for 
Pro residues at 9 and 16. This led to effective 
background reduction and resulted in extended N- 
terminal sequence determination (the first 27 residues) 
of the 74 kD protein (SEQ ID NO:4) : 



Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 



wo 98/33814 PCTAJS98/01840 



- 32 - 



15 10 

lie Pro Asn Ala Ser Gly Ser Gly Asn Tlir Gly Asn Thr 
15 20 25 

This sequence was £Lzialyzed using the BLAST alignment 
program to search for homology with other proteins. No 
significant homology was seen with amy bacterial 
proteins in the previously listed data bases. 

A similar procedure was used to obtain an N- 
teirminal sequence for the 74 kD protein from 
catarrhalls 430-345 strain. One and one -half nmol of 
the 74 kD protein from catarirhalls 430-345 strain 
was subjected to N- terminal protein seq[uence analysis 
using an Applied Biosystems Model 477A Protein/Peptide 
Secjuencer equipped with an on-line Model 12 OA PTE 
Analyzer (Applied Biosystems), as described above. 
During sequencing, extended trif luoroacetic acid 
cleavage was carried out for the Pro residue at 14, 
whereas O-phthalaldehyde treatment was carried out for 
Pro residues at 10 and 16. the first eighteen N- 
terminal residues were determined, again with the first 
residue not determined (SEQ ID NO:5) : 

Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 
15 10 



lie Pro Asn Ala 
15 
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Excunple 8 

Amino Acid Sequence Analysis Of Internal Peptides 

A sample of the 74 kD protein (1.5 mg of a 
lot purified from Af. catarrhalis 035E - whole cell 
extract) was digested overnight at 37**C in PBS with 
chymotrypsin (Boehringer Mannheim Biochemicals, 
Indianapolis, IN) using a substrate : enzyme ratio of 
1:60 (w/w) . Digestion was complete as adjudged by SDS- 
PAGE analysis. The digest was purified by reversed 
phase HPLC using a Vydac Protein C4 coliunn (particle 
size 5 /xm, 0.46 cm i.d. x 25 cm 1; The Separations 
Group, Hesperia, CA) • The HPLC conditions were as 
follows: flow rate 1.0 ml/min; Solvent A = 0.1% 
aqueous trif luoroacetic acid; Solvent B = 
acetonitrile : water, 80:20 (v/v) containing 0.1% (v/v) 
trif luoroacetic acid; linear gradient of 0-100% Solvent 
B over 45 minutes. Eluted peaks were detected by their 
absorbance at 22 0 mn and fractions were collected. The 
fractions were dried down and each resuspended in 50 ^^1 
water. Suitedsle fractions were pooled and aliquots 
were subjected to Tricine-SDS-PAGE (41) using 10-18% 
(v/v, acrylamide) gradient gels. The gels were stained 
with Coomassie Brilliant Blue R-250 followed by 
transfer on to polyvinyl idene di fluoride membrane as 
stated above. Pour different bands were cut out and 
subjected to N- terminal amino acid sequence analysis. 
Two of the peptides, * fragment 1' (SEQ ID NO: 6) and 
^fragment 3' (SEQ ID NO:8), generated essentially 
identical 14 -residue sequences; the only difference was 
that the N- terminal residue was Thr for the former, 
while Gly was the predominant corresponding residue for 
the latter, although a lower amount of Thr could be 
detected. Both of these seq[uences overlapped over four 
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residues with the terminal sequence of another 
peptide ^fragment 2' (SEQ ID NO: 7) to generate a 
continuous stretch of 25 cimino acid residues. Since 
chymo trypsin usually cleaves proteins on the carboxy 
terminal side of Trp, Tyr, Phe, Leu and Met residues, 
it is evident that partial cleavage of the Tyr^'^-Asn^^ 
bond in either of the peptides ^fragment 1' or 
* fragment 3' gave rise to the peptide * fragment 2' . On 
the other hand, partial cleavage of the Tyr^-Gly^ bond 
in ^fragment 2' permitted sequence information beyond 
this point to be obtained. Also, it was evident that 
both of the peptides * fragment 1' and * fragment 3' were 
sequenced in their entirety. 
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In addition to the above, a fourth 
chymotryptic peptide {^fragment 4' (SEQ ID NO: 9)) gave 
the following sequence over twenty of its N- terminal 
residues- The Thr at residue 20 could not be assigned 
with certainty. 

Lys Ser lie Val lie Arg Asp Ala Asp Val Thr Gly Gly Phe 
15 10 

Tyr Tyr Pro Asn Ala (Thr) 
15 20 
(Fragment 4; SEQ ID NO: 9) 

These seG[uences were analyzed using the BLAST alignment 
progrEUA for comparison with other proteins in the 
previously listed data bases. The 25 amino acid 
peptide generated by the overlap of the fragments 1 
through 3 had homology with a conserved portion of the 
TbpB protein from Neisseria meningitidis , as well as 
with a similar sequence from Haemophilus influenzae^ 
Fragment 4 was found to have homology with a repeated 
sequence in the TbpB protein from Neisseria 
meningi tidis • 

Excunple 9 

Bactericidal Activity Of Antiserum To The 74 kP Protein 

A bactericidal assay was performed as 
described previously (11) . Briefly^ 50 /il of bacterial 
suspension (approximately 1,200 colony forming \inits 
(CPUs) in PBS containing 1 mM CaCl2 and 0.2 mM MgCl2) 
were mixed, and incubated with 25 fil of antiseruan 
against the 74 3cD protein (same as used in Table 1) for 
3 0 minutes at 4**C. Antiserum was tested at 3 -fold 
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dilutions starting from 1:50. Twenty- five fxl of 
immunoglobulin- depleted human serum was then added as 
the complement source , and the mixture incubated an 
additional 30 minutes at 35^*0 • The number of remaining 
viaJble bacteria was determined by plating 50 fi± of the 
assay mixture on Mueller-Hinton agar plates. The 
control consisted of bacteria, test sera and complement 
serum which had been heat- inactivated at 5 5**C for 30 
minutes. Whole cell ELISA and bacteridal titers were 
determined based on pooled servim ssonples . The 
percentage of bacteria killed was calculated by the 
following formula: % killing = 100 X (CFU from the 
control - CPU from the sample) /CFU from the control) . 
The bactericidal activity of the antisera was expressed 
as bactericidal titer, i-e-, the highest serum dilution 
resulting in killing of 50% or more of the bacteria. 

The mouse antisera raised against the 74 kD 
proteins in several studies were tested in a 
bactericidal assay against seven catarrhalis 
strains. BALB/c mice (10 animals/group, female, 6-8 
week old at the beginning of the study) were immunized 
at weeks 0 and 4 with 1 pig of antigens mixed with 25 fig 
of Stimulon™ QS-21. The results are presented in Table 
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Table 3 

Bactericidal (BC) activity of the anti-74 kD sera 



Assay BC titer of week 6 sera to 74 kD protein 

strain from strain 







035E 




430 


-345 


Study 1 


Study 2 


Study 3 


Study 2* 


Study 3 


035K 


<50 


<50 


<50 


450 


<50 


TTA24 


400 


50 


50 


150 


150 


430-345 


ND** 


4,050 


4,050 


4, 050 


12,150 


ATCC2523 8 


400 


150 


50 


450 


<50 


125-114 


1000 


150 


150 


1,350 


450 


216-96 


1000 


50 


150 


1,350 


150 


1230-359 


<50 


450 


ND 


1,350 





* strain 430-345 was not tested in Study 1. 
** ND = not done. 



Sera against the 74 3cD protein purified from strains 
035E or 430-345 exhibited killing of almost all strains 
{Table 3) . The 03 5E strain appears to be resistant to 
bactericidal effects elicited by the 74 kD protein of 
that strain. The bactericidal titers varied from 
strain to strain and appeared to correlate with whole- 
cell ElilSA titers (data not shown) . For almost every 
strain assayed, the bactericidal titers were higher for 
the antisertim against the 74 kD protein from strain 
430-345 than that against the 035E strain. This is 
consistent with whole cell-ELISA titers. Pre- immune 
sera from the same animals were not bactericidal. 
Thus, antibodies to the 74 kD protein consistently 
exhibited bactericidal activities against heterologous 
strains of K. catarrhalls in spite of low antibody 
titers by whole cell ELXSA. This suggests that the 
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bactericidal antibodies are directed toward the 
conserved epitopes of the 74 kD protein. 

Antibodies against the 74 kD protein from 
strain TTA24 were bactericidal towards all six strains 
assayed and the titers were >500. These results are 
presented in Table 4 : 

Table 4 

Bactericidal titers of the week 6 serum from mice 
immunized with 74 kD protein from TTA24 strain 
or with a mixture of 74 kD protein 
from TTA24 amd 430-345 strains 





Antisera to 


74 kD Protein from Strains 


Assay 


TTA24 


TTA24 


strain 




+ 430-345 


035E 


1,163 


948 


TTA24 


>6,400 


>6,400 


125-114 


1,011 


1,452 


430-345 


1,303 


>12,800 


216-96 


587 


326 


1230-359 


555 


1,181 



Antisera to the mixture of 74 kD proteins from strains 
TTA24 and 43 0-345 exhibited equivalent bactericidal 
titers against the heterologous strains. 

TSiifam ple 10 

Effect Of Adjuvants On Whole Cell ELISA Titers 



Several adjuvants were compared to determine 
if the selection of adjuvant might augment the antibody 
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response to the conserved epitopes of the 74 kD protein 
from 035E strain. Sera generated against 74 kD protein 
from 035E strain were assayed against seven strains of 
AT. catar-zJaalls by whole cell ELISA. In this assay, 
BALB/c mice (10 animals /group, female^ 6-8 week old at 
the beginning of the study) were immunized at weeks 0 . 
and 4 with 1 iig of 74 kD protein • The doses of 
adjuvants were: 2 5 |ig for Stimulon'" QS-21, 50 fig for 
MPIi'*", and 100 fxg for aluminum phosphate (alum) . Immune 
sera were made with proteins purified from 03 5E strain* 
Whole cell ELISA titers were determined on pooled week 
6 sera. 

The results are shown in Table 5: 
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Based on titers to the homologous strain^ it 
appeared that the adjuvants Stimulon''' QS-21/ MPL™ and 
the MPL^'^-alum mixture all potentiated the 
immunogenic ity of the 74 kD protein to a similar 
degree, while aluminxim phosphate did not appear to act 
as an adjuvant. When whole cell ELXSA titers against 
heterologous strains were examined, only 74 kD protein 
adjuvanted with Stimulon^" QS-21 or MPIj"*-alum elicited 
significant titers of antibodies. Mice immxinized with 
74 JcD protein and MPL"** appeared to have much lower 
titers of antibodies which were equivalent to those 
from the non- adjuvanted group. 

Example 11 

Effect Of Adjuvants On Bactericidal Activity 

Bactericidal antibody titers were assayed 
with sera generated against 74 kD protein from 035E 
strain using different adjuvants. The results are 
shown in Table 6 : 

Table 6 

The bactericidal activity of the antibodies elicited by 
74 kD proteiii using different adjuvants 

adjuvant BC titers assayed against 

035E 430:345 TTA24 125-114 216-96 1230 



saline 


<100 


991 


<100 


<1D0 


<100 


<100 


QS-21 


<100 


>6,400 


147 


374 


180 


500 


MPL 


<10Q 


<100 


<100 


<100 


<100 


113 


Alum 


<100 


<100 


<100 


<100 


<100 


<100 


MPL 4. 


<100 


443 


151 


354 


216 


275 



Alum 
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Only sera generated to 74 kD protein using 
Stimulon^" QS-21 or the mixed adjuvant exhibited 
bactericidal activity towards heterologous strains. 
Thus, Stimulon™ QS-21 and the mixed adjuvants appeared 
to augment antibody response to the conserved epitopes 
of the 74 kD protein. 

Example 12 

Immunogenic itv Of The Purified 74 kP Protein 

Female BALB/c mice (Taconic Farms, 
Germantown, NY) , age 6-8 weeks, were imm\uiized 
subcutaneously on weeks 0 and 4 with 1 fcg of purified 
74 kD protein formulated with 25 /ig of the adjuvant 
Stimulon^" QS-21 unless otherwise stated. Control mice 
were injected with 1 of CRM^^ (a non- toxic variant 
of diphtheria toxin) and Stimulon'" QS-21. Serum 
samples were collected at weeks 0 and 6. Mice were 
challenged intratracheally with 3.5 X 10^ CFUs of 
bacteria five days after the final bleed at. week 7. 

The immunogenicity of the purified 74 kD 
protein was evaluated in these mice in several studies 
which gave similar results. A representative study is 
shown in Table 7 . ELXSA titers were determined on 
pooled serum samples from ten mice using purified 
protein as the detection aintigen. As shown in Table 7 
below, the purified 74 kD protein was immunogenic in 
mice. Immxinization with two 1 ^g doses of antigen four 
weeks apart elicited high antibody titers toward the 
purified protein by ELISA (Table 7) . Antibodies 
elicited by the 74 kD antigen purified from either 035E 
or 430-345 strains reacted strongly against the 
purified 74 kD antigen from both strains, suggesting 
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that 74 kD proteins from these two strains were 
antigenically similar- When these sera were tested 
against purified 74 3tD protein from TTA24 strain by 
ELISA^ low titers were detected (Table 7) . ThuSr the 
74 kD protein from TTA24 strain appears to differ 
antigenically from the 74 kD proteins of strains 035E 
or 430-345. However, when antibodies made against 74 
kD protein from TTA24 strain were assayed against the 
protein from 035E strain, a moderate titer was 
detected. This suggested that there is some 
conservation between 74 kD proteins from TTA24 and 035E 
strain, and the strain specific epitopes may be more 
immunogenic than conserved epitopes in 74 ItD protein of 
the 035E strain. The antisera did not react with other 

ca,tstrrhalls proteins tested, namely recombinant 
CopB, recombinant C/D, or purified tJspA, as tested by 
ELXSA or western blot (data not shown) . 



Table 7 

Immunogenicity of the 74 kD Protein 
from Various Strains 



74 kD protein 
from strain 


Week 6 serum IgG titer elicited by 74 
kD protein from strain 


03 5E 


430-345 


TTA24 


035E 


714,085 


952,314 


10,580 


TTA24 


144 


520 


6, 856,399 


430-345 


364,620 


2,328, 895 


ND 



The antisera raised against 74 kD proteins 
from strains 035E and 430-345 in mice were tested in a 
whole cell ELISA against several M. catarrhalls 
strains. Doses in colximns 1, 3 and 5 of Table 8 below 
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were 2 X 1 ftg protein; doses in columns 2 and 4 were 2 
X 5 protein. The adjuvant used was 25 fig of 
Stimulon"* QS-21. These sera exhibited high whole-cell 
ELISA titers against 035E and 430-345 strains, but 
5 titers to 5 other strains were much lower (Table 8) - 

When whole cell lysates from nine M. catarrhalls 
strains were resolved by 4-15% SDS-PA6E, blotted onto 
nitrocellulose membrane and probed with antisertim 
against the 74 )cD protein, only a single band at the 74 
10 kD region was detected for ,all the isolates (see Figure 

5) . This indicated that the titers toward whole 
bacteria cells were due to specific reactivity to the 
74 kD protein. 
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74 kP protein from TTA24 strain ; It is clear 
that the 74 3cD proteins from strains 035E and 430-345 
are antigenically similar. Antibodies elicited by 74 
kD protein from these two strains reacted poorly to 
5 many other strains of the M. catarrhalis , including 

TTA24 strain. Because of this observation, the 74 kD 
protein from the TTA24 strain was purified and 
evaluated in mice to determine whether it exhibited a 
similar pattern of conservation. As part of this 

10 experiment, a mixture of the two antigenically 

different 74 kD proteins was also examined. 

BAIiB/c mice (10 animals /group, female, 6-8 
week old at the beginning of the study) were immunized 
at weeks 0 and 4 with 5 ^g of 74 kD protein {10 ^g for 

15 the mixed 74 kD group) mixed with 25 ^ig of Stimulon"* 

QS-21. Whole cell ELXSA titers were determined on 
pooled serum samples. Sera against 74 kD from 035E 
strain from a previous study was included as reference 
in the assay. The results are shown in Table 9: 



20 
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Table 9 

The immxinogenicity of the 74 kD protein from TTA24 
strain and antibody reactivity to heterologous strains 



IgG titer of the sera made 
against 74 kD from strain 



Assay 


TTA24 


TTA24+ 


035E 


strain 




430-345 




03 5E 


26,448 


568, 446 


958,469 


430-345 


51,460 


731, 124 


376,289 


1230-359 


28,470 


68,757 


59, 666 


TTA24 


1,832,305 


1,386,747 


659 


125-114 


44,838 


24,971 


777 


216-96 


97,751 


86,375 


4,202 


ATCC2523 8 


55,873 


56,031 


6,159 


111-210 


52,369 


85,800 


2,708 


301-221 


246,416 


156,427 


369 


205-221 


10, 025 


6,272 


598 


324-171 


300,613 


154,140 


655 



The results from Table 9 indicated that 
antibodies elicited by 74 kD protein from TTA24 strain 
exhibited very high titer against the homologous strain 

10 and moderately high titers against 10 heterologous 

strains by whole cell ELISA. Titers against 
heterologous strains are significantly higher than 
those of sera elicited by 74 kD proteins from strains 
035E and 430-345- Specific reactivity of the serum to 

15 the 74 kD protein was confirmed by western blot (Fig. 6 

bottom) . 

As expected, a pool of 74 kD proteins from 
strains TTA24 and 430-345 elicited a high level of 
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antibodies against the homologous strains and the 
antigenically related strain 035E. Both the ELISA and 
bactericidal antibody titers against eight other 
strains were nearly the same as the titers elicited by 
74 kD protein from TTA24 strain alone (Table 9) . 
Specific reactivity of the antibody to the 74 kD 
protein was confirmed by western blot (Pig. 6 top) • 

In siimmary, the 74 kD protein from M, 
catarrhalis strains appears to exhibit antigenic 
variation. The TTA24 strain appears to express a form 
of the 74 kD protein that is better conserved than 
those of strains 035E and 430-345, The 74 kD protein 
from TTA24 strain elicited antibodies reactive to all 
strains of M. catarrhalis assayed. It also appeared 
unnecessary to use a mixture of the 74 kD proteins to 
generate a good response. 

Example 13 

Enhanced Pulmonary Clearcmce Of M. aatarrhalis In Mice 

To determine if immunization with purified 74 
kD protein would enhajice pulmonary clearance of 
intratracheally deposited bacteria in a murine model, 
mice immunized with the 74 kD protein prepared from 
strains 035E and 430-345 were challenged with 035E or 
TTA24 strains of H. catarrhalis. The challenge was 
performed using a procedure previously described (11) . 
In svimmary^ 3.5 X 10^ CFUs of bacteria from a mid- 
logarithmic culture were instilled intratracheally into 
the lungs of anesthetized mice by intramuscular 
injection of a mixture of 2 loag of ketamine HCl (Fort 
Dodge Lab., Ford Dodge, lA) and 0.2 mg of acepromazine 
maleate (Butler Co., Columbus, OH). ViaJale bacteria 
were recovered from the mouse lungs six hours after 
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challenge, and the percentage of bacterial clearance in 
imznvLnized mice was determined relative to the CFUs 
recovered from the control animals. Control animals 
were immunized with CRM^^ and Stimulon"* QS-21. 
Statistical analysis was performed using the Wilcoxon 
rank sum test (OMP Software, SAS Institute, Gary, NC) . 
A probability (p) value of less than 0.05 was 
considered statistically significant. 

Eight groups of mice in several studies which 
were immtinized with purified 74 kD protein from the 
035E strain were challenged with either the 035E or the 
TTA24 strains. Groups 9 and 10 were immunized with 74 
kD protein from 43 0-345 strain and challenged with 
either 035E strain (group 9) or TTA24 strain (group 
10) . BAIiB/c mice (female, 6-8 weeks old at the 
beginning of the study, 10 per group) were imm\inized at 
weeks 0 and 4 with 1 /xg of antigens mixed with 25 ^tg of 
Stimulon'** QS-21. Sera, collected 4 days before 
challenge, were assayed against the challenge strain by 
whole cell ELISA. Results are expressed as IgG 
endpoint titers on pooled samples. The CFJ^^^ control 
had ELISA titers of less than 100 in the same assay. 
Mice were challenged intratracheally with 3*5 x 10^ 
CFUs of bacteria auid viable bacteria recovered from the 
lungs 6 hours after challenge. The percent clearance 
is the percentage of bacteria cleared from the 
immunized mice compared to control which were immunized 
with CRMi57 and Stimulon"^ QS-21. The results of the 
pulmonary clearance study are shown in Table 10 : 
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Table 10 

Pulmonary clearance of M. cata.rrhalis in a murine 
challenge model after active immunization 



Group 


74 kD 


Challenge 


EIiXSA 


% 


p value 




source 


strain 


titer 


clearance 




1 


035E 


035E 


407,000 


68 


0.0002 


2 


035E 


035E 


168,000 


70 


0 . 0006 


3 


035E 


035E 


102,274 


63 


0.0025 


4 


035E 


035E 


1, 910, 012 


52 


0 • 0004 


5 


035E 


035E 


1,193,747 


57 


0.0114 


6 


035E 


035E 


235,736 


47 


0.0047 


7 


035E 


035E 


2443,332 


56 


0.0003 


8' 


035E 


TTA24 


140 


-35 


0.15 


9 


430-345 


035E 


627,148 


49 


0.0043 


10 


430-345 


TTA24 


337 


-11 


0.41 


11 


TTA24 


035E 


26,341 


29 


0 .318 


12 


TTA24 


TTA24 


673,754 


76 


0 .009 



The bacterial clearance relative to control for each 
experiment was considered statistically significant by 
the Wilcoxon signed rank test if p was less than 0.05. 
Relative to control mice immunized with 

10 CHMj^57, enhanced pulmonary clearance of heterologous 

bacteria was only seen for the mice challenged with 
03 5E strain (Table 10) . The lack of enhanced clearance 
of TTA24 was consistent with the poor antibody 
reactivity toward this strain in the whole-cell EI*ISA 

15 (see Table 8) . Enhanced clearance of 035E, but not 

TTA24 strain, was also seen in mice immunized with 
purified 74 kD protein from strain 430-345 (Table 10) . 
Again this correlated with the whole cell reactivity of 
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the antibodies • The 74 kD protein from TTA24 appears 
to be antigenically different from that of the 03 5E or 
430-345 strain. This may accoxint for the inability of 
mice immunized with the 74 3cD proteins to clear this 
strain. Animal challenge data suggest that 
imm\inization with purified 74 kD protein will induce 
enhanced pulmonary clearance of W. catarirhalis strains 
bearing antigenically similar 74 kD proteins. 



Example 14 
Detection Of Serum Antibodies 

To The 74 kD Protein 

Studies indicated that healthy adult sera 
contain naturally acquired antibodies specific for AT. 
catarrhalls (data not shown) . To determine if they 
were directed toward the 74 kD protein, sera from six 
healthy adults were assayed for reactivity with the 
purified 74 kD protein from strains 035E and TTA24 by 
ELISA. All six sera had detectable titers^ and titers 
to 74 kD protein of the TTA24 strain were higher as 
shown in Table 11: 
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Table 11 

Normal human sez-a contain naturally acquired antibodies 

to tbe 74 kD protein 



Human serum 


ELISA IgG 


titers to 




74 kD 


74 kD 




(035E) 


(TTA24) 


1 (H92-X) 


213 


2,928 


2 (H89-M) 


591 


10,148 


3 (H89'L) 


1, 203 


5, 944 


4 (H89-D) 


1.053 


5, 932 


5 (Kacu) 


1,361 


9,415 


6 (Kconv) 


4,683 


21,592 



5 

Specific reactivity to the 74 kD protein was seen for 
every serum on western blot (see Figure 7) • This 
indicated that the 74 kD protein is expressed by the 
10 catarrhalis in vivo and is a target of the antibody 

response • 

Example 15 

Purification Of 74 kD Specific Antibodies 
15 From Human Plasma 

To determine if human antibodies to the 74 kD 
protein recognize epitopes on the bacterial surface, 74 
kD specific antibodies from the pooled plasma of two 

20 healthy adults (American Red Cross, Rochester, N.Y,) 

were affinity purified* The antibodies were 
precipitated by adding ammonium sulfate to 50% 
saturation, resuspended and dialyzed against PBS. A 
nitrocellulose membrane (2X3 inches) was incubated 

25 with purified 74 kD protein from 035E strain at 1.0 
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mg/ml in PBS for one hour at RT, washed twice with PBS 
and residual binding sites on the membrane blocked with 
5% (wt/vol) dry milk in PBS for two hours at RT* The 
membraaie was then washed twice with PBS, 100 mM glycine 
(pH 2.5) and finally with PBS before incubation with 
the dialyzed antibody preparation* After incubating 
four hours at 4**C, the membrane was washed with PBS, 
and then 10 mM tris buffer (pH 8.0) containing 1 M 
sodium chloride to remove non- specif ically bound 
proteins . The bound aoitibodies were eluted by 
incubating the membrane in 5 ml of 100 mM glycine (pH 
2.5) for two minutes with shaking. One ml of tris-HCl 
(IM, pH 8.0) was immediately added to the eluate to 
neutralize the pH. The eluted antibodies were dialyzed 
against PBS, aliquoted, and stored at -20**C. 

As shown in Figure 8, a western blot 
confirmed that the purified antibody reacted 
specifically with the 74 kD protein, but did not react 
with the other outer membrane proteins from the whole 
cell lysates of 035E strain. 

ELISA end point titers are the highest 
antibody dilutions giving an A^^g greater than three 
times the background when assayed against whole 
bacterial cells. As shown in Table 12, although the 
antibodies were prepared using the 74 kD protein from 
03 5E strain and TTA24 strain, each reacted with five 
other strains by whole cell ELISA with similar titers: 
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Table 12 

The whole cell reactivity of the 74 kD protein- specif ic 
aintibodies purified from adult human plasma 



Assay IgG Titers of Antibodies Purified Using 

S train 03 5E TTA2 4 



035E 
TTA24 
ATCC252 3 8 
125:114 
216:96 
1230-359 



4,420 
504 
1,325 

3,015 
2,859 
1, 960 



1,580 
1,164 
2,230 
2,130 
1,155 
822 



The results shown in Table 12 indicated that humans 
mount an antibody response to the conserved surface 
epitopes of the 74 kD protein after natural infection. 



Examrple 16 
Inhibition of Transferrin Binding 



Because transferrin may be an In viva iron 
source for M. catarrhalls , the binding of antibodies to 
the 74 kD protein on the bacterial surface may 
interrupt the iron acquisition process. Dot blotting 
was used to determine whether antibodies against the 74 
kD protein could inhibit transferrin binding to the 
bacterial lysate. Three microliters of 035E lysate 
were applied to a nitrocellulose membrane. The 
membrame was blocked with PBS containing 5% dry milk, 
followed by incubation with mouse anti- serum (1:100 
diluted in PBS containing 5% dry milk) to the 74 kD 
protein from 03 5E strain for two hours at room 
temperature. Normal mouse serum and mouse anti -serum 
to DspA were included as controls. The membrane was 
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then sequentially incubated with biotin labeled 
transferrin^ streptavidin-alkaline phosphatase and the 
enzyme substrate as described above • As depicted in 
Figure 9, a reduction in transferrin binding was 
5 ■ observed with antibodies to the 74 kD protein. In 

contrast, neither a normal mouse serum nor anti-UspA 
serum interfered with transferrin binding. This 
suggested that antibodies to the 74 kD protein 
specifically inhibit transferrin binding. 



10 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(1) APPLICANT: 

(A) NAME: Anerican Cyanamid Company 

(B) STREET: Five Giralda Farms 

(C) CITY: Madison 

(D) STATE: New Jersey 

(E) COUNTRY: United States 

(F) POSTAL CODE (ZIP) : 07940 

(G) TELEPHONE: 973/683-2157 

(H) TELEFAX: 973/683-4117 

(ii) TITLE OF INVENTION: The 74 Kllodalton Outer Membrane Protein from 
Moraxella catarrhal is 

(iii) NUMBER OF SEQUENCES: 9 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.3 0 (BPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1: 

Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr 
1 5 . 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
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(11) HOLECniiE TYPE: peptide 



(xi) SEQUENCE DESCRIPTIONS SEQ XD NO: 2: 



Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro He Pro 
15 10 15 

Asn 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amxzio acxds 

(B) TYPE: amino acxd 

( C) STRANDEDNES S : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SBQX7ENCE DESCRIPTION: SEQ ID NO: 3: 

Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro He Pro 
15 10 15 

Asn Ala Ser Gly 
20 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro He Pro 
15 10 15 

Asn Ala Ser Gly Ser Gly Asn Thr Gly Asn Thr 
20 25 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Xaa Gly Gly Ser Gly Gly Ser Aen Pro Pro Ala Pro Thr Pro lie Pro 
15 10 15 

Asn Ala 



(2) INFORMATION FOR SEQ ID NO : 6: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Thr Asp Glu Lys Asn Lys Pro Asp Gly Tyr Asn Gly Glu Tyr 
15 10 

(2) INFORMATION FOR SEQ ID NO: 7: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Asn Gly Glu Tyr Gly His Ser Ser Glu Phe Thr Val Asn Phe Lys 
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15 10 15 

(2) INFORMJ^TXON FOR SEQ ID NO: 8: 

(1> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

( C ) SXRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Thr Asp Glu Lys Asn Lys Pro Asp Gly Tyr Asn Gly Glu Tyr 
15 10 

(2) INFORMATION FOR SEQ ID NO : 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

( C) STRANDEDNBSS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Lys Ser lie Val lie Arg Asp Ala Asp Val Thr Gly Gly Phe Tyr Tyr 
15 10 15 

Pro Asn Ala Thr 
20 
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V^liat is claimed is : 

!• An isolated and purified M, catarirhalis 
74 kD protein or a peptide of the 74 kD protein 
comprising an epitope or epitopes thereof # wherein the 
74 kD protein has: 

(a) a molecular weight of approximately 74 
kD as measured by mass spectrometry; and 

(b) the amino- terminal amino acid sequence: 
Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro 
Ala Pro Thr (SEQ ID NO:l), 

where the first residue is not 
identified, or a biologically equivalent 
amino- terminal amino acid sequence 
thereof • 

2 • The isolated and purified 74 kD protein of 
Claim 1 having the amino- terminal amino acid seq[uence: 
Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 
lie Pro Asn (SEQ ID NO:2) , or a biologically equivalent 
amino- terminal amino acid sequence thereof* 

3 • The isolated and purified 74 kD protein of 
Claim 1 having the amino- terminal amino acid sequence: 
Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 
He Pro Asn Ala (SEQ ID NO:5) , or a biologically 
equivalent amino- terminal amino acid secjuence thereof. 

4. The isolated and purified 74 kD protein of 
Claim 1 having the amino- terminal conino acid sequence: 
Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 
He Pro Asn Ala Ser Gly (SEQ ID NO: 3) , or a 
biologically equivalent amino- terminal amino acid 
sequence thereof • 

5. The isolated and purified 74 kD protein of 
Claim 1 having the amino- terminal amino acid seqiience: 
Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro 
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He Pro Asn Ala Ser Gly Ser Gly Asn Thr Gly Asn Thr 
(SEQ ID NO:4), or a biologically equivalent amino- 
termlnal amino acid sequence thereof. 

6. The isolated and purified 74 kD protein 
of Claim 1 having a molecular weight of approximately 
74.9 kD as measured on a 10% SDS-PAGE gel • 

7. The isolated and purified 74 kD protein 
of Claim 1 having the amino acid composition of 
residues per mol of the 74 kD protein of approximately 
Asp + Asn=104, Thr=58, Ser=s44, Glu + Gln=67, Pro=27, 
Gly«77^ Ala=56, Val=35, Met=6, Ile=21, Leu=40, Tyr=25, 
Phe=28, His=8, Iiys=72, Arg=:21, where Cys and Trp 
residues are not deteinnined. 

8. A vaccine composition comprising an 
isolated and purified 74 kD protein of Af. catajrx-Jialis 
or a peptide of the 74 kD protein comprising an epitope 
or epitopes thereof, wherein the 7 4 kD protein has: 

(a) a molecular weight of approximately 74 
kD as measured by mass spectrometry; and 

(b) the amino- terminal amino acid sequence: 
Xaa Gly Gly Ser Gly Gly Ser Asn Pro Pro 
Ala Pro Thr (SEQ ID NOsl)^ 

where the first residue is not 
identified, or a biologically ecjuivalent 
amino- terminal suoino acid sequence 
thereof; 

wherein said vaccine composition elicits a protective 
immune response in a mammalian host* 

9. The vaccine composition of Claim 8 
wherein the isolated and purified 74 kD protein has the 
amino- terminal amino acid sec[uenGe: Xaa Gly Gly Ser 
Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro lie Pro Asn 
(SEQ ID NO:2>, or a biologically ecjuivalent amino- 
terminal aunino acid sequence thereof . 
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10. The vaccine composition of Claim 8 
wherein the isolated and purified 74 kD protein has the 
amino -terminal amino acid sequence: Xaa Gly Gly Ser 
Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro lie Pro Asn Ala 
(SEQ ID NO: 5), or a biologically eq^iivalent amino- 
terminal amino acid sec[uence thereof. 

11. The vaccine composition of Claim 8 
wherein the isolated and purified 74 kD protein has the 
amino- terminal amino acid sec[uence: Xaa Gly Gly Ser 
Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro lie Pro Asn Ala 
Ser Gly {SEQ ID NO : 3 ) ^ or a biologically ecjuivalent 
amino- terminal cunino acid sequence thereof. 

12. The vaccine composition of Claim 8 
wherein the isolated and purified 74 kD protein has the 
amino- terminal amino acid sequence: Xaa Gly Gly Ser 
Gly Gly Ser Asn Pro Pro Ala Pro Thr Pro lie Pro Asn Ala 
Ser Gly Ser Gly Asn Thr Gly Asn Thr (SEQ ID NO: 4), or a 
biologically equivalent amino- teirminal aonino acid 
seq[uence thereof. 

13 . The vaccine composition of Claim 8 
wherein the isolated and purified 74 kD protein has a 
molecular weight of approximately 74.9 kD as measured- 
on a 10% SDS-PA6E gel. 

14. The vaccine composition of Claim 8 
wherein the isolated and purified 74 kD protein has an 
amino acid composition of residues per mol of the 74 kD 
protein of approximately Asp + Asn=104, Thr=58, Ser=:44r 
Glu + Gln=67, Pro=27, Gly=77, Ala=56, Val=35, Met=6, 
Ile=21, Leu=40, Tyr=25, Phe=28r His=8, Lys=72^ Arg=21, 
where Cys and Trp residues are not determined. 

15. The vaccine composition of Claim 8 
wherein the 74 kD protein is derived from TTA24 strain. 

16. The vaccine composition of Claim 8 which 
further coxnprises an adjuvant, diluent or carrier. 
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17 . The vaccine composition of Claim 16 
wherein the adjuvant is selected from the group 
consisting of aluminum hydroxide, aluminum phosphate, 
Stimulon'"* QS-21, 3 -O-deacylated monophosphoryl lipid A 
and XL- 12. 

18* The vaccine composition of Claim 8 which 
further comprises at least one additional M. 
ca t arrhal i s antigen . 

19. The vaccine composition of Claim 18 
wherein the addi tonal Af. catarrhalis antigen is 
selected from the group consisting of the proteins 
designated CopB, UspA, C/D and E. 

20 • The vaccine composition of Claim 8 
wherein the 74 kD protein or peptide is coupled to an 
agent which protects against another pathogenic 
organism. 

21. The vaccine composition of Claim 8 
wherein the 74 kD protein or peptide is coupled to 
another antigenic moiety of M, catax-rhalis , 

22. A method of immunizing against M. 
catarrhalis which comprises administering to a h uman 
host an immunogenic amount of the vaccine composition 
of Claim 8. 

23. The method of Claim 22 wherein the 
isolated and purified 74 kD protein has the amino- 
terminal amino acid sequence: Xaa Gly Gly Ser Gly Gly 
Ser Asn Pro Pro Ala Pro Thr Pro lie Pro Asn (SEQ ID 
NO: 2} , or a biologically equivalent aiaino- terminal 
amino acid sequence thereof • 

24. The method of Claim 22 wherein the 
isolated and purified 74 kD protein has the amino- 
terminal amino acid sequence: Xaa Gly Gly Ser Gly Gly 
Ser Asn Pro Pro Ala Pro Thr Pro He Pro Asn Ala (SEQ ID 
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NO:5), or a biologically equivalent amino- terminal 
amino acid sequence thereof. 

25. The method of Claim 22 wherein the 
isolated and purified 74 kD protein has the amino- 
terminal amino acid sequence: Xaa Gly Gly Ser Gly Gly 
Ser Asn Pro Pro Ala Pro Thr Pro lie Pro Asn Ala Ser Gly 
(SEQ ID NO:3)r or a biologically equivalent amino- 
terminal amino acid sequence thereof. 

26. The method of Claim 22 wherein the 
isolated emd purified 74 kD protein has the sunino- 
terminal amino acid sequence: Xaa Gly Gly Ser Gly Gly 
Ser Asn Pro Pro Ala Pro Thr Pro lie Pro Asn Ala Ser Gly 
Ser Gly Asn Thr Gly Asn Thr (SEQ ID NO: 4), or a 
biologically equivalent amino- terminal amino acid 

8 equenc e ther eo f . 

27. The method of Claim 22 which further 
comprises administering to a human host at least one 
additional M, catarrhalis antigen. 

28. The method of Claim 27 wherein the 
additonal M. catarrhalis antigen is selected from the 
group consisting of the proteins designated CopB, UspAr 
C/D amd E. 

29. The method of Claim 22 wherein the 74 kD 
protein or peptide is coupled to aj:i agent which 
protects against another pathogenic organism. 

30. The method of Claim 22 wherein the 74 kD 
protein or peptide is coupled to another antigenic 
moiety of M. catarrhalis. 

31. The method of Claim 22 wherein the 74 kD 
protein is derived from TTA24 strain. 

32. A method for preparing a vaccine 
composition which comprises including the isolated and 
purified 74 kD protein of M. catarrhalis of Claim 1 or 
a peptide of the 74 kD protein comprising an epitope or 



\ 
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epitopes thereof/ in an amount sufficient such that 
said vaccine composition elicits a protective immime 
response in a mammaXian host* 
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SUeiSTn UTE sheet (rule 2S) 
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